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Abstract 
 
In foundries of metallurgical character it is difficult to ensure an acceptable climatic working environment during winter season. It is 
connected with explosing the raw materials (binders, hardeners) and mixtures to extreme temperatures. The contribution deals  with 
kinetics of harding the furan-chromite mixtures in the temperature range of +20  -  -6°C, changes during storing, following fast heating 
(during drying the moulds), the mixture moisture and the action of water coatings, and also the changes of binding effects of furan binders 
when storing them under down to – 16°C. 
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1. Introduction 
 
Metallurgical  foundries  during  extreme  weather  have 
problems with ensuring both corresponding working environment, 
and also temperature of raw materials for manufacture of moulds 
and  cores.  An instigation to  study  of  mechanical  properties  of 
self-setting mixtures with furan binder was a fact that in extreme 
cases the temperature of raw materials and of environment too 
dropped to minus 6 down to minus 10 °C. 
For hardening reactions of binder systems the relations about 
the rate of chemical reactions depending on concentration of 
reactants  (at  the  beginning  the  highest  ones,  with  decreasing 
concentration  the  rate  falls  down),  temperature,  surface  area, 
pressure, and the catalyst are valid [1]. 
The rate of change is therefore very important quantity and 
common rate of diffusion change is given by so called Arrhenius 
equation  that  shows  that  the  reaction  rate  y´  depends  on 
temperature according to relation as follows:  
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where:   
A is a numeric constant having the same size as the y´ rate; 
Q is activating energy of the change (Qat [J. at
-1] related to 1 
atom; 
Q [J.mol
-1] related to 1 mol; 
k [J. K
-1] is the Boltzmann constant; 
R [J. mol
-1.K
-1] is the molar gas constant; 
T is absolute temperature. 
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Dependence of the rate of chemical reactions is in the first 
approach described by the van´t Hoff’s rule, according to which 
with  increasing  temperature  by  10  °C
    the  rate  of  chemical 
reaction increases two- up to three times [2, 3].  
Reaction kinetics of hardening processes has importance on 
principle for the technology of manufacture of great and bulky 
moulds but at the same time the operators must know mechanical 
properties of the moulding mixture placed under such extreme 
temperatures.  Properties  of  self-setting  furan-chromite  mixtures 
were therefore studied as follows:  
1.  Influence of temperature of raw materials and environment 
on strength of self-setting furan-chromite mixture 
2.  Changes of strength of frozen mixture with following fast 
heating 
3.  Influence of water addition on the solidification process of 
the mixture 
4.  Influencing the mixture strength with water coatings 
5.  Influence  of  storing  the  furan  binder  under  negative 
temperatures on strength of mixtures  
 
 
2. Process of hardening the self-setting 
mixtures in the temperature interval of 
+20 down to -6 °C  
 
For all measurements the moulding mixture composition was 
kept as follows: 
30 weight parts of chromite (new raw material) 
70 weight parts of chromite reclaim 
1.1 weight parts of X 500 NT 011 furan resin 
0.45 weight parts of 500 T1 hardener 
The mixture was prepared in a laboratory turbulent mixer and 
hand compacted in metal core boxes Raw materials and the core 
box  were  tempered  to  given  temperatures  and  the  compacted 
samples  were  stored  including  the  core  box  under  these 
temperatures too. 
Results  are  given  on  fig.  1.  where  the  influence  of 
environment temperature is clear. Thus e.g. the standard furan-
chromite mixture spontaneously hardened at 19 – 20 °C had its 
bending  strength  of  2.74  MPa  after  24  h.  and  after  following 
storing (altogether 48 h. from mixing) it still increased up to 2.95 
MPa. With decreasing storing temperature the bending strength 
was  1.23  and  after  4  h.  it  was  2.42  MPa.  Under  hardening 
temperatures of +5 °C the samples were after 1 h. unhardened and 
after 4 h. they had 0.67 MPa only. Mechanical values after 24 h. 
in the all measured temperature interval were from 2.74 up to 2.24 
MPa and after 48 h. they showed the known fact that the slower 
kinetics of hardening the higher final strength value (from 2.95 up 
to 3.71 MPa). 
 
 
 
 
3. Changes of strength of hardened self-
setting  mixtures  frozen  to  -6 °C  and 
„shock“ heated to +150 °C 
 
The  test  modelled  a  state  when  during  operation  a  frozen 
mould  is  skin-dried  with  hot  air  before  casting.  The  results 
confirmed  the  retardation  hardening  under  conditions  of 
undercooling (-6 °C / 24 h.) when bending strength was 2.25 MPa 
only. Shock heating (+ 150 °C / 30 min.) caused the growth by ca. 
100 %, i.e. to 4.73 MPa (tab. 1.), what are values even higher than 
with hardening under 20 °C / 24 h. 
 
Table 1. 
Changes of strength of hardened self-setting mixtures frozen to -6 
°C and „shock“ heated to +150 °C 
Setting time 
h  Flexural strength [MPa] 
  2,19  4,60 
  2,27  4,98 
  2,23  4,20 
  2,32  5,12 
  2,25  4,73 
  After 24 hours  After 24 hours 
+ 30 min/150
oC 
 
 
4.  Modelling  of  influence  of  higher 
moisture  of  self-setting  mixtures  on 
strength after freezing 
 
Hardening  of  the  self-setting  furan  mixture  in  acid 
environment  is  running  by  the  condensation  process  with 
simultaneous releasing of water. Water is contained both in furan 
resin and in hardeners (acids). 
The  entire  situation  is  still  complicated  by  application  of 
water  coatings;  therefore  the  mould  should  be  left  due  to 
evaporate of  water before application the coatings and even for 
voluminoust moulds and cores their drying is recommended, e.g. 
with hot air. Otherwise the water slows down the hardening rate 
and namely with decreased temperatures of the mixture, strength 
of  moulds  and  cores  is  falling  down  and  not  last  it  helps  to 
forming  of  penetrations  (failure  of  the  coating)  and  to  the 
formation  of  exogenous  gas  holes.  With  this  regard  the  self-
setting furan mixture of the basic composition that hardens under 
decreased temperatures (+5 and +1 °C) was tested. 
As is shown on fig. 2. with water addition of 0.3 weight parts 
in the mixture the strength of the hardened mixture considerably 
falls down. The mixture of +5 °C hot without water addition starts  
slowly to solidify after 2 h. only but after the addition of 
0.3 weight parts of water after 4 h. only and under 1 °C it 
has its handling strength after 24 h. only. The addition of 
0.3 weight parts only decreases bending strength by ca. 40 
– 80 %. 
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Fig. 1. Process of hardening the self-setting mixtures in the temperature range from   +20 °C to -6 °C 
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Figr. 2. Modelling of influence of higher moisture of self-setting mixtures on strength after freezing 
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Fig. 3. Influence of storing the furan binder under negative temperatures on strength of mixtures 
  
 
5.  Influencing  the  properties  of  self-
setting mixtures with water coatings 
 
For testing the influence of coatings a water coating of the 
company  KBO  (zircon-silicate  filler)  was  used.  In  foundry 
practice it is applied as a 3-layer protection with following drying 
with hot air (150 °C). The achieved final thickness of the coat is 
min. 0.5 mm. 
For  preparing  the  samples  for  bending  strength testing  the 
self-setting furan-chromite mixture of the basic composition was 
used. Bending strength after l h. of spontaneous hardening in the 
covered core box achieved ca. 1,20 MPa. A part of samples was 
after 1 h. dipped in the water coating and a part of them was left 
without  coating.  Both  groups  were tested  for  bending  strength 
after 2 h. While the samples without coatings achieved strength A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 1 ,   S p e c i a l   I s s u e   1 / 2 0 1 1 ,   4 1 - 44  44 
above 1,60 MPa, strengths of coated samples decreased by 40 %. 
If  they  were  dried  under 150  °C  the  strengths  of  both  coated 
samples, and that ones without coating increased to values about 
4,60 – 4,70 MPa, i.e. by more than 3 times. After mere standing 
of samples in the open air for 24 h. the strengths of both groups 
equalized (2,70 – 2,80 MPa). 
 
 
6. Influence of storing the furan binder 
under  negative  temperatures  on 
strength of mixtures  
 
During  laboratory  testing  the  influence  of  temperature  on 
hardening  of  self-setting  furan-chromite  mixtures  two  more 
circumstances were checked as follows: 
a)  change of resin viscosity with temperature; 
b)  influence  of  storing  the  furan  binder  under extreme 
conditions. 
Ad  a)  –  as  the  binder  is  bulk  batched  in  mixers,  then  with 
viscosity  changes  under  the  influence  of  undercooling  the 
inaccuracies in the binder content in the mixture and consequently 
in strength of self-setting mixtures can be met. Modern continual 
mixers  use  tempering  of  binders  to  constant  temperature  (in 
winter period). 
Viscosity of the X850 TN 011 binder under temperatures of 
+21  °C  and  -16  °C  was  compared  with  the  aid  of  an  efflux 
viscometer – a Ford’s cup Ø 1 mm as follows: 
  -16 °C    efflux time  42 – 43 sec. 
  +21 °C    efflux time  33 – 35 sec. 
 
The measurement proved the efflux deceleration and the growth 
of viscosity of the undercooled furan binder by ca. 25 %. 
Ad. b) – a variant was studied when the binder can be for a long 
time under temperatures of -16 °C both due to unsuitable storing 
and during transport. The test ran in such a way that the binder 
was stored under -16 °C, then it was defrosted – tempered to 21 
°C  and  the  self-setting  mixture  was  prepared  under  this 
temperature of the binder and raw materials too. The course of 
bending strength in time dependence up to 48 h. was studied and 
it  was  compared  with  the standard, i.e.  when the  resin  wasn’t 
undercooled (fig. 3.). 
The measurement results show that the strength of the binder 
frozen beforehand (freezing e.g. during storing in winter period) 
is considerably lower (15 – 28 %) as compared with that one of 
the binder stored under temperatures of 21 °C. 
 
 
7. Conclusion 
 
  With decreasing temperature of the mixture its hardening 
rate decreases; under +5 °C hardened for less than 2 h. it has 
still  a  plastic  state;  under  -6  °C it  achieves the  handling 
strength after 24 h.. Temperature of the mixture shouldn’t 
drop under +5 °C. 
  If the mixture is hardened under normal temperatures (20 
°C), the following storing it under decreased temperatures (-
6 °C) has no influence on changes of mechanical properties. 
  Heating  (150  °C)  of  the  slowly  hardening  undercooled 
mould  (-6  °C)  means  accelerating  of  hardening  of  self-
setting mixtures and achieving the strength growth by up 
100 %. 
  Higher  moisture  of  self-setting  mixture  considerably 
decreases the strength of moulds. The addition of 0.3 weight 
parts of water in chromite means the strength decrease by 
more  than  60  %  and  the  hardening  process  delay  in 
dependence on falling down temperature of the mixture. 
  Water  coatings  must  be  applied  on  hardened  (or  dried) 
moulds.  A  mould  with  handling  strength  (after  1  h. 
hardening) after applying a coating loses 32 % of bending 
strength. This loss can be retrieved with drying the mould 
(150 °C) or partially with letting it due to due to evaporate 
of  water  only (24 h., 21 – 23 °C). 
  Temperature changes (+21 → -16 °C) of furan binder mean 
the  viscosity  increase  and  thus  the  inaccuracies  in  bulk 
batching in the mixture (strength changes); it is necessary to 
temper the binder as a part of continual mixers. 
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